Temporomandibular joint disorders (TMDs) have been discussed for a couple of decades. However, etiology and intraarticular pathology have not been well elucidated. Recently, inflammatory mediators, arachidonic acid cascade [1], cytokines [2, 3], glycosaminoglycan component [4], proteinase [5], nitric oxide, and neuropeptides [6] have been detected in the synovial fluid (SF) of the temporomandibular joint (TMJ). These findings may indicate that newly synthesized protein molecules tend to appear or increase in SF of the patient with TMDs. Recent studies have proposed that reactive free radicals, which were induced by mechanical stress, are responsible for the initiation of molecular events. Milam et al. [7] have hypothesized that free radicals might be produced in the intraarticular space by mechanical stresses in the TMJ, which may be provoked by masticatory muscle hyperactivity in malocclusion, dental irritation, physical stress, anxiety, and bad oral habits. Nitzen [8] has hypothesized that free radicals might result in disk displacement. Tomida et al. [9] have reviewed the possible source and mechanism of free radical interaction in the
Abstract:
The redox states of albumin in serum and synovial fluid (SF) were analyzed in 35 female patients with temporomandibular joint disorders and 9 asymptomatic female healthy volunteers by high-performance liquid chromatographic (HPLC) analysis. Human serum albumin (HSA) is divided by HPLC analysis into three fractions: mercaptalbumin (HMA, reduced form) and nonmercaptalbumin (HNA-1 and HNA-2, oxidized forms). It was found that the characterized values of albumin in SF of patients with the disorders were the fraction of HMA (f (HMA), 65.8Ϯ9.1%), the fraction of HNA-1 (f (HNA-1), 31.3Ϯ8.8%), and the fraction of HNA-2 (f (HNA-2), 2.9Ϯ0.9%), respectively, and similarly the values of albumin in serum of same subjects were f (HMA), 79.4Ϯ4.0%; f (HNA-1), 18.7Ϯ3.8%; and f (HNA-2), 1.9Ϯ0.5%. The HNA fractions in SF were significantly higher than those in serum (pϽ0.0001). The SF of patients and even control showed more oxidative condition compared with sera of the same subjects. Each fraction of SF showed significant difference in control (pϽ0.05), and greater significance in patients (pϽ0.0001). Furthermore, the HNA-2 fraction (f (HNA-2), 2.9Ϯ0.9%) in SF of the patients with temporomandibular joint disorders revealed a significantly higher value (pϽ0.01) than that (f (HNA-2), 1.7Ϯ0.3%) of controls. These findings suggested that SF of the temporomandibular joint is more locally oxidized than serum; thus oxidative factors are concerned in the pathogenesis of the temporomandibular joint disorders. It was also suggested that synovial albumin may play a scavenging role against the intraarticular oxidative stress. [The Japanese Journal of Physiology 53: 351-355, 2003] pathogenesis of TMDs.
On the other hand, generally human serum albumin (HSA) is divided into three fractions: mercaptalbumin (HMA, reduced form) and nonmercaptalbumin (HNA-1 and HNA-2, oxidized form), by high-performance liquid chromatographic (HPLC) analysis with an ion-exchange column [10, 11] . The HMA has one free sulfhydryl group in position 34 (Cys-34) and this site is responsible for the significant fraction in sera. The major HNA-1 compound is mixed disulfide with cystine or oxidized glutathione (HNA(Cys) or HNA(Glut)). The HNA-2 consists of oxidation products higher than mixed disulfide, such as sulfenic (-SOH), sulfinic (-SO 2 H), and sulfonic (-SO 3 H) states (HNA(Oxi)). The fraction of HMA markedly decreases in various diseases, such as nephrosis, hepatitis, and rheumatoid arthritis and in some physical condition such as cataracts and aging [12, 13] . The previous reports have shown that HSA may be particularly susceptible to oxidants and play an important protective role against reactive free radicals in extracellular fluids [14] . In the present study, we measured the redox state of albumin in serum and SF of the patients with TMDs and of healthy volunteers by HPLC analysis to evaluate the oxidative states of sera and temporomandibular joint synovial fluid (TMJ SF).
MATERIALS AND METHODS
Patients. Thirty-five female patients who were diagnosed by clinical symptoms and radiological examinations as having forms of TMD were randomly selected from patients in the Department of Oral and Maxillofacial Surgery, Gifu Prefectural Gifu Hospital, Japan. Nine asymptomatic healthy female volunteers were recruited for the study, and informed consent was obtained from all patients and volunteers. All procedures were performed in accordance with the Helsinki declaration. Patients with systemic disease such as diabetise, rheumatoid arthritis, hepatitis, and collagen disease or with any particular medical history were not included in the study.
Sample collection. The preauricular region was prepared with antiseptic solution and covered with a sterile sheet. A local anesthetic was injected in the subcutaneous tissues using 2% Xylocaine ® 0.5 ml (Astra, Japan). The superior joint space was cannulated by an intravenous cannula. TMJ SF was collected through 2 ml of normal saline injection into the superior joint space. This injection and collection was repeated five times, and as much as possible of the diluted TMJ SF was collected. It was immediately centrifuged at 3,000 rpm and stored at Ϫ80°C until analy-sis. The sera of the same patients were obtained in the same manner.
HPLC analysis measurement and data analysis. The HPLC-FD system consists of a Model AS-8010 autosampler, a Model CCPM doubleplunger pump, and a Model FS-8000 fluorescence detector (excitation wavelength, 280 nm; emission wavelength, 340 nm) in conjunction with a Model SC-8020 system controller, all from Tosoh Co., Tokyo, Japan. A Shodex-Asahipak ES-502N column (10ϫ0.76 cm I.D., DEAE-form for ion-exchange HPLC, Showa Denko Co., Tokyo, Japan; column temperature, 35°C) was used in this study [12] . The elution was carried out by a linear gradient elution with an increasing ethanol concentration from 0 to 10% for serum and SF samples, in 0.05 M sodium acetate-0.40 M sodium sulfate (pH 4.85) (acetate-sulfate buffer) at a flow-rate of 1.0 ml/min. The following ethanol concentration gradient was applied for their analysis: 0-1 min, 0%; 1-50 min, linear increase from 0 to 10%; 50-55 min, linear decrease from 10 to 0%; 55-60 min, 0%. A deaeration of buffer solution was carried out by bubbling helium. Samples were filtered through a filter unit (0.45 m, DISMIC-13cp, Advantec Toyo), and these were injected by means of an autosampler with fixed volumes of 2 l for serum and 50 l for SF. All solvents and solutions were filtered through a filter unit (0.22 m, Steritop, Millipore Co.) before use [13] . The obtained HPLC profiles were subjected to a numerical curve fitting to determine the value for each fraction of albumin by a Gaussian function (Peak Fit, SPSS Science, IL, USA).
RESULTS
The age ranged from 13 to 65, and the meanϮSD was 30Ϯ13 in the patient group. In control, the age ranged from 19 to 35, and the meanϮSD was 21Ϯ5. In our previous study, it was shown that HSA in serum and aqueous humor is divided into HMA and HNA by using the HPLC-FD system [13] . Furthermore, there are several kinds of HNA, i.e., HNA(Cys), HNA(Glut), and HNA(Oxi). We found that albumin in SF could be separated HMA and HNA by HPLC with ES-502N column at the same gradient and parameter, in which aqueous human albumin was measured. The HPLC profile of the HSA in both the 0.1% HSA (Calbiochem, Co.) and the TMJ SF were shown in Fig. 1 to have three peaks.
The serum values for asymptomatic healthy subjects were the fraction of HMA ( f (HMA) 81.3Ϯ 2.8%), the fraction of HNA-1 ( f (HNA-1), 16 .6Ϯ2.5%), and the fraction of HNA-2 ( f (HNA-2), 2.1Ϯ0.5%), respectively, and the TMJ SF values were f (HMA), 71.2Ϯ4.9%; f (HNA-1), 27.1Ϯ4.9%; and f (HNA-2), 1.7Ϯ0.3%; respectively. Generally, compared with three fractions of albumin in the serum and TMJ SF, the mean value for HMA fraction in TMJ SF revealed lower value than the one in the serum; simultaneously the HNA-1 fraction in TMJ SF expressed higher value.
In the patients, those fractions in sera were f (HMA), 79.4Ϯ4.0%; f (HNA-1), 18.7Ϯ3.8%; and f (HNA-2), 1.9Ϯ0.5%; respectively. Similarly, in TMJ SF they were f (HMA), 65.8Ϯ9.1%; f (HNA-1), 31.3Ϯ8.8%; and f (HNA-2), 2.9Ϯ0.9%; shown in Fig.  2 . Each fraction of TMJ SF showed a significant difference in control (pϽ0.05), and a greater significance in patients (pϽ0.0001). The HNA-2 fraction value in SF of the patients was significantly higher than that of control (pϽ0.01). These findings were summarized in Table 1 .
DISCUSSION
In a previous study, it was shown that the protein oxidation rate is significantly lower in females than in males [15] . Furthermore, TMD is known to occur with preponderance in females [16] . Therefore we have examined samples obtained only from female patients and healthy volunteers.
SF is a modified extracellular fluid, which is basi- cally derived from serum. However, because the volume of SF is extremely small, it is difficult to obtain undiluted SF from the superior joint space of the TMJ. We collected SF through the injection of 2 ml normal saline. The concentration of albumin in the diluted SF is thought to be extremely low, and according to the previous study it may be approximately 0.03 to 0.05%. In our observation, in which we used an HPLC-FD method, the albumin in SF and in serum showed the three peaks as mercapt-nonmercapt conversion. Each peak indicates HMA, HNA-1, and HNA-2 by a Gaussian function. In comparison to those three serum values between patient and control, there was no significant difference in any fraction, suggesting that TMD is not a systemic disease. The f (HMA) value in SF showed smaller than that in serum of the subjects. The f (HNA-1) value in SF significantly increased compared to that in the serum of the same subjects. Because the HNA-1 is albumin mixed with cystine or glutathione, which plays a key role in the defense of tissues against oxidants, these results indicate that TMJ SF is more locally oxidized in comparison to serum. Compared with each value of control and patients, though the mean in f (HMA) of patients showed lower value than that of control and the f (HNA-1) of patients showed higher value, there is no significant difference in the f (HMA) and f (HNA-1) between patients and control. However, the value of f (HNA-2), albumin mixed with oxidation products, in the SF of patients with TMD was significantly higher than that of control. The reason why only HNA-2 showed a significant increase in SF of patient was of interest, and the possible reason may be that the severity of TMD was not taken into account in this study. However, this evidence supports that oxidative stress is concerned in the pathogenesis of TMD.
Anatomically, TMJ may receive under/over threshold force during functional and parafunctional hyperactivities of the masticatory and associate muscles. Intraarticular pressure may markedly increase and decrease with this repeating cycle by mechanical compression and release. It can be speculated that the extremely changing magnitudes of force in the TMJ produces hypoxia-reoxygenation in vascular endothelial cells in synovium or retro-discal tissue in the intraarticular space, which may produce superoxide anion radical [17] . This radical may be converted to hydrogen peroxide by superoxide dismutase (SOD), or to hydroxyl radical by Fenton-type reaction with Fe 2ϩ , Fe 3ϩ ion [18] . These radicals are reactive oxygen species (ROS), which may be responsible for the oxidation of TMJ SF. These pathological biomechanics would affect the quality and quantity of SF, depolymerizing hyarulonan, which leads to synovial viscocity loss. This may lead to further increased mechanical friction in the TMJ within the vicious circle.
In the analysis of SF, inflammatory chemical mediators, metabolites of the arachidonic acid cascade [1] , neuropeptides [6] , and cytokines [2, 3] , have been detected in patients with TMD. These cytokines stimulate to produce active matrix-degrading enzymes. Among them, metalloproteinase-3 (MMP-3) has been reported to be a suitable and sensitive inflammatory marker in the SF of patients with TMD [5] , and it breaks the harmony of catabolism and anabolism in the cartilage matrix. These damages can be expanded by several mechanisms in the articular tissues of the TMJ. Extracellular matrix degradation products formed in this condition may attract inflammatory cell populations, which could generate free radicals [19, 20] . The free radicals may be accumulated in articular tissues of the TMJ and induce damage in part of the matrix components [21] . In this way, inflammatory molecules generated in TMD adversely lead to increased mechanical stress and the result may dramatically aggravate the intra-articular general condition [22] .
This study showed a strong correlation between oxidative stress and TMD through an analysis of the redox state of albumin in SF. Oxidative stress in cell and tissues usually refers to an increased generation of oxidant species, such as superoxide radical (O 2 · Ϫ ), hydroxyl radical ( · OH), hydrogen peroxide (H 2 O 2 ) and lipid peroxide (LOOH). They are implicated in various human diseases, including emphysema, cardiovascular, inflammatory diseases, cataracts, and cancer [23, 24] . Against them, several defense mediums or scavengers have been reported; tocopherol (vitamin E), ascorbic acid (vitamin C), ␤-carotene, glutathione, uric acid, and bilirubin, and also several methalloenzymes including glutathione peroxidase (selenium), catalase (iron), superoxide dismutase (copper, zinc, manganese), and protein such an albumin [25] . The albumin has oxidized amino acid residues at Cys34, Met123, Met298, Met446, and Met548 [14] . Cys-34 of albumin is highly accessible to reactive free radicals such as H 2 O 2 ; therefore, HSA may play an important protective role against reactive free radicals in extracellular fluids. This may be helpful in assessing the ability of proteins to act as antioxidants in biological systems.
In conclusion, the oxidative factor is tissue-specific to the TMJ even in normal conditions, and this can be greatly associated with its pathological condition. Mechanical stress can be highly responsible for tissue ox-idation during functional and parafunctional TMJ status. Thus mechanical stress converting the effect to oxidative stress is partly responsible for the aetiology and initial molecular pathology in the geneses of TMD.
